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Vout. II, No. 3 


SEPTEMBER, 1927 


THE QUARTERLY REVIEW 
—_ proroGy 


ANIMAL BEHAVIOR AND INTERNAL DRIVES 


By CURT P. RICHTER 
Psychobiological Laboratory, Phipps Psychiatric Clinic, Johns Hopkins University 


NE of the most fundamental 
of all the phenomena which 
characterize animal life and 
distinguish it from plant 

life is the spontaneous motility of the 
animal organism. A few plants, to be sure, 
especially certain forms of marine vegeta- 
tion, do move about, but these few are 
exceptions in the plant kingdom. The 
activity of animals, on the other hand, 
although it varies widely in form and 
extent from species to species, is an ordi- 
naty phenomenon which one always antici- 
pates under normal circumstances. We 
may ask, then, what it is that sets off the 
diverse performances which animals dis- 
play. Ordinarily we think of most of 
their activity as being due to some form 
of external stimulation. We know, how- 
ever, that all animals, from the lowest. 
uni-cellular organism to man, ate active 
even when all external stimuli have been 
eliminated. And since this spontaneous 
motility, just as any other kind of motil- 
ity, must have a definite cause, it must 
be due to some natural factor within 
the organism. Many workers have cho- 
sen to call it ‘‘voluntary’’ activity, pre- 
sumably because of the common belief 
that the ‘‘will’’ to do is the origin of the 
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action. We believe, however, that spon- 
taneous activity arises from certain under- 
lying physiological origins. We shall 
attempt to show from studies chiefly on 
the white rat what some of these origins 
are, and how they fit into the general 
biological picture of the animal’s life. 

The investigations described below have 
been made by Ging H. Wang, Elaine F. 
Kinder, Tomi Wada, and the present 
writer in the Psychobiological Laboratory 
of the Phipps Psychiatric Clinic during the 
past six years. Some of the experiments 
have already been reported elsewhere, but 
we have taken this opportunity to collect 
also numerous observations that are as 
yet unpublished. Of the extensive work 
on animal ‘‘drives’’ done by Hoskins 
(z925), Moss (1924), Slonaker (1924, 
1925, 1926), Stone (1924, 1925, 1926), 
Szymanski (1920, 1922), and Tracy (1926) 
we shall incorporate in this review only 
that part which bears directly on our own 
method of approach or on our own experi- 
mental findings. 


PERIODIC NATURE OF SPONTANEOUS AC- 
TIVITY—-IWO-HOUR RHYTHM 


We may begin our review with the rat 
confined just after feeding in a small cage 
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of the type shown in figure 1. The walls 
and floor of the cage are absolutely bare 
and the room in which the experiment is 
performed is kept constantly illuminated 
and free from all disquieting noises and 
odors. If we observe the animal for a 
while we see that it moves about most of 
the time, doing many things. It sniffs 
and claws at the walls of the cage, it 
climbs, and gnaws and scratches; but from 
all these observations, however interest- 


THE QUARTERLY REVIEW OF BIOLOGY 


activity within each active period is slight 
at the beginning, but increases as the 
period advances and reaches its maximum 
usually near the end (Richter, 1922). 
Typical records obtained from two rats in 
triangular cages are shown in figure 2. 
The record in figure 3, obtained from a 
guinea pig in the same type of cage, is 
representative of a similar rhythm found 
in other animals. 

Had the motility been irregular and 





Fic. 1. PHorocrapH or Cace Usrp 1n Stupyinc Gross Bopity Activity 


The cage is triangular in shape, 12. inches high and 12 inches wide. Each corner is supported on a rubber 
tambour through which all movements are transmitted to a recording Marey tambour. The time is recorded 
on the smoked paper in half hour intervals by means of an eight day clock. 


ing at first sight, we learn nothing of what 
makes it active. If, however, we arrange 
the cage so that every movement therein, 
even the slightest, is recorded over a 
period of ten to twelve hours on a smoked 
drum, a remarkable fact comes to light: 
this diffuse gross bodily activity occurs 
rhythmically, active periods alternating 
with periods of almost complete quiescence. 
The active periods occur at intervals 
varying from one to two hours. More- 
over, the records show further that the 


non-periodic we should have accomplished 
nothing in our investigation of its origin. 
On the contrary, however, it is very sig- 
nificant that such well defined periods of 
activity, recurring at such regular inter- 
vals, are found when external conditions 
are as nearly constant as is practically 
possible. This fact would indicate that 
the motility rhythm must be set up from 
within the animal in some organ which 
functions at a similar frequency of one 
and a half to two hours. 
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ORIGIN OF THE TWO-HOUR-ACTIVITY RHYTHM 


A teview of the periodicity of the 
different viscera, eliminates at once the 
heart and lungs and the sex glands, since 
the two former organs function at a fre- 
quency much higher and the latter at a 
frequency much lower than that of the 
bodily activity rhythm. In the stomach, 
however, we know that active periods 
alternate with quiescent intervals every 
hour and a half to two hours. In 1904 
Boldireff was able to show that contrac- 
tions occur in the walls of the empty 
stomach, but several years elapsed before 
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entire process is repeated. Thus one 
period follows another as long as the 
stomach remains empty. 

Gastric movements in both animals and 
man have been studied by means of the 
apparatus shown in figure 4 (Martin 
and Rogers, 1927). A balloon attached 
to the end of a tube is passed through the 
oesophagus into the stomach and inflated, 
and a manometer is fastened to the other 
end of the tube. The contractions of the 


stomach change the pressure on the 
balloon, so that some of the air is pushed 
up into the tube, and the level of the water 
in the 


manometer is changed. As the 





Fic. 4. Dracram Saowine THe Mzrnop or Recorpinc THE Huncer Contractions or THE Empty Sromaca 


(Martin and Rogers, 1927) 


Carlson (1916) demonstrated the periodic 
nature of this activity. Carlson, working 
with guinea pigs, dogs, and monkeys, 
found that from one to two hours after a 
meal, when the stomach is nearly empty, 
contraction waves begin passing down- 
ward over the stomach walls. These 
waves, small at first, gradually become 
larger and larger until they finally involve 
the whole lower half of the organ, and 
the gastric musculature often passes into 
a condition of semi-tetanus. Then, quite 
suddenly, the contractions cease and an 
inactive interval of an hour or more 
ensues. After this period of quiescence 
the small waves begin again, and the 


water rises and falls with the contraction 
waves, the movement is recorded by a 
floating pointer on a smoked drum. A 
record obtained by this method with 
similar apparatus is shown in figure 5. 
The record was taken in this laboratory 
on a human adult during a night of normal 
sleep. The portion presented,—that por- 
tion registered between 12.30 and 2.30, 
when the last meal had certainly been 
assimilated,—illustrates very clearly the 
cyclic nature of the movements of the 
empty stomach. 

According to the recent observations of 
Rogers and Martin (1926), the stomach 
takes the shape shown in figure 6 A at 
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the height of each of the single contrac- 
tions near the end of the active period and 
that shown in figure 6 B when it is 
inactive and relaxed. With each of these 
large waves, then, we see that the lower 
part of the stomach contracts to such 
an extent that the lumen practically 
disappears, whereas the upper part may 
show a contraction wave near the middle. 

Cannon and Washburn (1912) and Can- 
non (1915) have shown that with these 
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CORRELATION BETWEEN THE TWO-HOUR 
ACTIVITY RHYTHM AND THE HUNGER 
RESPONSE 


In order to test this hypothesis we 
recorded simultaneously the bodily ac- 
tivity of the animal and the intervals 
at which it sought food and ate. This 
experiment was performed in the type of 
cage shown in figure 7. The larger com- 
partment was simply the usual triangular 
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Fic. 5. Recorp oF Stomach CONTRACTIONS OF A Human Aputt Taken DuRING AN UNINTERRUPTED SLEEP 


large contractions the sensation of hunger 
arises, and from the work of Rogers and 
Martin we know that these ‘‘hunger’’ 
contractions are set up in the lower third 





Fic. 6. A. SHaPe oF THE STOMACH AT THE HEIGHT OF A 
Contracrion Wave. B. SHAPE OF THE RELAXED 
SromacH 


(Roentgenographic observations by Rogers and 
Martin, 1926.) 


of the stomach. The hunger sensation is 
not produced until the end of the active 
period is nearly reached, when the waves 
have become very large, but even then it 
increases in intensity to some extent with 
the magnitude of the contraction, and it 
disappears entirely when the contractions 
cease. The inference, therefore, is quite 
logical that the two-hour periods of gross 
bodily activity in the rat are associated 
with periods of gastric movement and have 
to do with the hunger responses of the 
animal. 





Fic. 7. PootoGrapH oF ComBINED Foop anpD 
Activity CaGEe 


The two compartments are supported on separate 
sets of tambours so that the activity in each is re- 
corded separately. 


activity cage shown in figure 1; the smaller 
compartment contained a cup filled with 
a powdered food mixture (McCollum 
diet). The corners of each cage were 
supported on rubber tambours and so 
arranged that the activity in the two 
cages was recorded separately. In this 
way the curve in figure 8 was obtained, 
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where the activity in the large cage is 
registered on the first line, and that in the 
food-box on the second, with the time 
in hours below. It will be seen imme- 
diately that the animal always enters the 
feeding-cage and eats once during each 
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approaches the food-box except to cat, 
and that the vibrations recorded in the 
activity cage for a short time after it 
leaves the food-box are produced almost 
entirely by an extensive cleansing per- 
formance which always follows feeding. 














— 


Fic. 8. Recorp SHowiNG THE RELATION BETWEEN Gross Bopity Activiry AND FreEepinG PEriops 


Activity in the large cage is given on the upper line, and entrances into the food-box on the lower. Time 


in hours is indicated below the record. 


Ap 


Time in hours 


cw A 


Stomach contractions 


B | 


---seftf ¢ ———-—v-aflll 


Activity 








Eating 


wnnnasntt 


Stomach contractions 





Fic. 9. ScHematic REPRESENTATION OF THE RELATION BETWEEN Periops or Gross Bopity Activity AND STOMACH 
CoNnTRACTIONS 


A. Simple activity cage without food. B. Double cage with food 


activity period, that it enters usually near 
the end of the period and rarely at the 
beginning, and that it does not enter 
during a quiescent interval. Moreover, 
we have found through prolonged personal 
observation, that an adult animal rarely 


In these experiments the activity periods, 
recurring invariably with the entrance 
into the food-box, are even more regular 
than they were in the earlier work when 
no food was available. With this greater 
regularity, the quiescent intervals are 
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much longer, so that the lapse between 
periods is three to four hours instead of 
one to two, as found in the activity cage 
with no food-box attached. The sig- 
nificance of the lengthened intervals will 
be discussed below. 

We may now attempt to show in more 
detail how the gross bodily activity, the 
feeding habits, and the stomach contrac- 
tions seem to be correlated. The simul- 
taneous records of activity and feeding 
suggest that a close relationship must 
exist between the periods observed in the 
simple activity cage and the hunger 
““drive’’ of the animal. From the experi- 
mental data compiled above we know 
that the motility rhythm and the stomach 
contraction rhythm have three features 
in common: the frequency of both varies 
between one and two hours; the active 
phases of both begin at slight intensity 
and increase gradually, reaching a maxi- 
mum near the end; and in both the active 
period ends abruptly and is followed by a 
quiescent interval. If we represent the 
two rhythms as in figure 9 A, drawing a 
diagrammatic activity record directly 
above a diagrammatic record of gastric 
movement, so that the active phases of the 
two coincide, we find that the small 
stomach contractions occur simultane- 
ously with the beginning of the motility 
period, and that as the magnitude of the 
contractions increases the animal becomes 
more and more active. But how can we 
justify our representation in terms of the 
hunger response? It is very probable that 
as long as the animal experiences the 
hunger sensation which accompanies the 
stomach movements, it seeks for food, 
unsuccessfully, of course, in the single cage 
without a food-box. When the gastric 
contractions stop, however, the hunger 
disappears and the animal becomes quiet 
again. 

On this basis one might expect that 
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when food was available all the time, the 
rat would enter the food-box as soon as 
the contractions began. Actually, how- 
ever, we know that it moves about in the 
main cage for some time before it ap- 
proaches the food-box. How, then, can 
we explain this preliminary diffuse ac- 
tivity? Here again, as in figure 9 A, the 
relationship may be represented schemat- 
ically. In figure 9 B, a record taken 
simultaneously from the activity cage and 
the food-box is shown in diagram on the 
first and second lines, and a stomach con- 
traction record on the third. Thus we see 
that the small contractions give rise to 
the diffuse activity in the large cage. The 
animal seems at first simply to be annoyed 
and becomes more and more restless as 
the contractions grow larger, until the 
‘“‘main’’ contractions set in and the general 
discomfort becomes centralized in the 
hunger sensation. This stimulus domi- 
nates the behavior of the organism and it 
enters the food-box to eat. When its 
appetite has been satisfied, it passes into 
a period of quiescence which lasts until 
the stomach has become empty and the 
contractions have started up again. And 
since time is required for the contents of 
the stomach to be digested, the interval 
between contraction periods is three to 
four hours instead of one to two hours as 
observed in the earlier experiments. 

We had hoped to establish this relation- 
ship in more detail in the rat by means of 
records taken simultaneously of stomach 
contractions and gross bodily activity, 
but all of our attempts to introduce bal- 
loons into the stomach of this animal were 
unsuccessful. It is very difficult to keep 
it from biting a hole in the tube in the 
first place. Furthermore, its throat is 
apparently too small to admit even the 
finest tube without a severe asphyxia 
resulting. Because of this failure, we 
turned our attention to other animals 
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from which Carlson and his associates 
had already obtained good records of 
stomach contractions. 

Since the stomach tube can be intro- 
duced and fastened very easily in the bull- 
frog, we experimented on this animal, 
using the technique of Patterson (2915). 
The tube and bulb were pushed into the 
stomach through a small hole made in the 
skin beneath the throat, and the frog was 
placed in an activity cage enclosed in a 
box which could be almost completely 
darkened. Water from a faucet dripped 
through on the animal at all times in order 
to keep it in good condition. In this way 





Fic. 10. Recorp SHowING THE PeRiopic ACTIVITY 
or a Piczon, Kepr 1n a Larce Cac witH 
A PERCH 


The bird spent most of its time on the perch, but 
at quite regular intervals it jumped down to the floor 
for afew minutes. This record shows the activity on 
the floor. Time is given in hours below the record. 


we obtained stomach contractions which 
showed no periodicity at all. In one 
individual, in fact, both the frequency 
and the amplitude remained constant for 
eighteen days. The lack of periodicity 
partly defeated the purpose of the experi- 
ment, but not as much as the fact that the 
frogs remained perfectly still at all times, 
never making even the slightest move- 
ment. 

The pigeon seemed more promising for 
our purposes, since we had previously 
found its activity to be definitely periodic. 
The intervals between the periods are 
somewhat shorter here than they are in the 
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rat, but they are just as regular. The 
cage used in these experiments was cy- 
lindrical in shape, two feet in diameter and 
three feet high. The circular bottom, 
made of cardboard, and small enough to 
fit inside the wire wall without touching 
it at any point, was supported on tam- 
bours so that all movements of the pigeon 
were recorded on a smoked paper. A 
wooden rod pushed through the wire wall 
half-way up, pivoted on a nail at one end 
and supported on a tambour at the other, 
served as a perch from which activity could 
also berecorded. Figure 10, a record of the 
activity on the bottom of the cage when no 
food was available, shows that the bird 
left the perch about once every 20 minutes; 
and by attaching a recording food-box 
filled with corn, we found that every time 
it jumped down it invariably stopped to 
eat. Rogers (1916) has demonstrated a 
thirty-minute average rate for the active 
period of the crop of the pigeon, observing 
at the same time that it was most restless 
when its crop was contracting. We at- 
tempted, therefore, to record simultane- 
ously the crop contractions and the 
activity in the larger cage, but the bird 
always managed to expel the tube no 
matter how carefully it had been inserted 
and fixed. 

We sought our relationship next in 
experiments on the human infant. Wada 
(ag22.) found that in a child ten months 
old, during a continuous uninterrupted 
sleep lasting eight hours, the activity, as 
recorded by a tambour and spring placed 
beneath the crib, was definitely periodic, 
the interval between the periods averaging 
forty-five minutes. This seemed to offer 
us an excellent opportunity, especially 
since Carlson and Ginsburg (1915) had 
found that the stomach tube could be 
passed quite easily into infants. Our 
plan was to take simultaneous records of 
the stomach contractions and the activity 
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periods during sleep. In six babies used 
for these experiments we succeeded in 
passing the tube without too much diffi- 
culty, but then either the babies would not 
go to sleep, or else the tube was completely 
blocked by strong spasms of the cardiac 
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results. The students swallowed the 
stomach tube at ten o'clock in the 
evening, just before retiring, and simul- 
taneous records were taken throughout 
the night of the stomach contractions and 
bodily movements. Besides diffuse ac- 
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Fic. 11. SimuLTaNgous Recorp or Gross Bopity MovEMENT AND SToMACH CoNTRACTIONS OF A HuMmaN ADULT 
Taken purinGc Deep SLEEP 





Fic. 12. Caczs Uszp ror StupyinG Foop-Hapsits 


sphincter. After many unsuccessful at- 
tempts this method of attack had to be 
abandoned. 

Meanwhile, Wada, taking records on 
medical students while they slept, suc- 
ceeded in obtaining some very conclusive 


tivities such as turning over, smaller 
movements were recorded whenever pos- 
sible. Adult activity during sleep, just as 
infant activity, proved to be periodic, but 
the interval between the periods is much 
longer, varying between two and three 
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hours. The stomach contractions, of 
course, ate also rhythmical, much more 
so than they are during the waking 
state. And the periods of these two 
phenomena coincide very well; when the 
stomach is quiescent the gross bodily 
activity is reduced to a minimum, but 
during the contraction periods frequent 
movements occur, the largest coinciding 
with the ‘‘main’’ hunger contractions. 
The record in figure 11 illustrating this 
fact is similar to those obtained by Wada. 
The body movements indicated on the top 
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conclusive, would seem to uphold our 
theory that the two-hour activity rhythm 
in the rat is dependent on gastric function. 


FEEDING HABITS OF THE RAT 


Starting from our observations on the 
relation between activity and the feeding 
periods of the rat, we decided to extend 
our investigation to a study of its food 
habits, with special reference to their 
regularity. For this purpose cages shown 
in figure 12 were constructed. They con- 
sisted of individual compartments large 





Fic. 13. Recorp SHowinc THE Frepinc Periops or an Aputt Rat 


Time is registered at half-hour intervals 


3 


Feeding periods 
a 


Age in days 


75 85 95 105, NS 125 


Fic. 14. Grapa SHowine THE REGULARITY OF THE 
Ferpine Periops or AN Aputt Rat FROM 
Day to Day 


The number of periods per day is given on the 
ordinates and the age of the animal in days on the 
abscissae. 


line in this figure were recorded by means 
of a tambour and spring attached from 
beneath to the spring of the bed. Since 
only large movements such as turning over 
are registered in this way, it can be seen 
that just before the ‘‘main’’ hunger con- 
tractions set in, the subject became very 
active, and again almost simultaneously 
with the largest contraction wave there 
was an even greater amount of activity. 
The results of most of our supplemen- 
tary experiments, therefore, while not 


enough for the animals to take plenty 
of exercise, with a small tunnel on one 
side at the top leading to the food-box. 
This tunnel was built in an inconvenient 
position in order to discourage the rat as 
much as possible from entering it except 
when driven by hunger. The food-cup 
was placed at the end of the tunnel under 
the wire cloth floor, and a hole was made 
in the floor just large enough for the rat 
to insert its head. Whenever it reached in 
for food, the balance of the cup on a large 
tambour was disturbed and a mark was 
made on a smoked drum. 

The records obtajned in these cages 
bring out clearly the great constancy of the 
feeding habits of the rat. The record in 
figure 13, taken on an adult animal from 
8 p.m. to 8 a.m., shows that the feeding 
period recurred about once every three 
hours throughout the day, and when the 
experiments were extended over a longer 
time, it was found that the rhythm per- 
sisted very constantly from day to day 
(See fig. 14). Similar experiments on 
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other animals confirmed these results. A 
rat may eat seven times a day or it may 
eat eight or ten times, but in any case it 
maintains a constant average from one day 
to the next. The degree of variability of 
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GENESIS AND DEVELOPMENT OF THE FEEDING 


HABITS 


But how does the activity produced in 
this way become associated finally with 





700 800 900 


Fic. 15. Frequency Curve or Intervats or Various LencTas BeTwEEN Feepinc Prriops 1n Four ADULT 
Mate Rats ror Twenty Days 


the feeding response is shown very clearly 
by the curve in figure 15, compiled from 
records taken on four animals for twenty 
successive days. The abscissae represent 
the length of the intervals recorded be- 
tween feedings, and the ordinates indicate 
the number of times each interval was 
recorded from any one of the four individ- 
uals. The curve is evenly balanced with 
a mode of two hundred and fifty minutes, 
or approximately four hours. The few 
longer intervals, we believe, may be iden- 
tified entirely with periods during which 
the rat, like the human being, slept in 
spite of the stomach contractions. 

From the above experiments it seems 
fairly well established, then, that the 
hunger contractions stimulate the organ- 
ism to activity, but what the details of 
the mechanism are we are not prepared to 
discuss. We do believe, however, that 
somehow, with each new hunger con- 
traction period, impulses are sent up the 
afferent nerves from the stomach to the 
brain and out to the striped muscles, to 
release the energy stored up there. 





Fic. 16. PHoroGrapus or Caces Uszp 1n RecorDING 
Activity or New-sorn Rats 


the eating process? We cannot assume 
that the new-born animal seeks food 
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when the contractions begin. Indeed it 
would seem more probable that the rela- 
tionship is built up by the usual trial and 
error method. In order to solve this 
problem one must learn more about the 
activity of the very young animal. Does 
it show the periodic motility of the adult 
individual? 

The activity of the new-born rat was 
recorded from the cages shown in figure 16. 
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hours at a time, and then returned to their 
mothers for twelve hours. 

Records obtained in this way showed 
that the motility of the rat immediately 
after birth is continuous rather than 
periodic (See fig. 17). For the first ten 
days it remains constant; then a rhythm 
begins to appear, and by the sixteenth 
day clear-cut and very regular intervals 
are present. This result is consistent with 


Rats 





16 days old 





Fic. 17. Recorp or THE Activity or a New-sorn Rat Two, Four, TuirtTgeN, AND SixtgeN Days arrer BirTH 


Up to the tenth day the activity is continuous, then it gradually breaks into periods, which, by the seven- 


teenth day, stand out very clearly in the records. 


The bottom of the cage consisted of a 
wooden frame 6 inches square with a 
sheet of rubber dam stretched taut across 
it. The rubber was covered with pieces 
of flannel and the sides of the cage, made 
of paper, were pasted on the wooden 
frame. Every movement of the animal in 
the cage was transmitted through the 
rubber membrane to a lever which. re- 
corded on a smoked paper drum. The 
young rats were left in the cages for twelve 


the fact that the new-born of some anima 
species show stomach contractions with 
almost no indication of periodicity (Pat- 
terson, 1914). On the basis of this 
knowledge, then, we may picture how the 
diffuse activity of the new-born rat re- 
solves itself into a search for food. 

In its almost continuous motility, the 
very young animal sucks at everything 
with which its mouth comes into 
contact,—the feet and legs of its litter 
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mates, the straw of the nest, hair on its 
mother’s body, and, eventually, the 
mother’s teats. When it sucks at any- 
thing other than the teats, nothing results; 
the stomach contractions persist and the 
activity continues as before. When it 
sucks at the teats, on the other hand, an 
entirely different situation arises; milk 
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teats through the intervention of the 
mother, but largely by the trial and error 
method there is gradually established, on 
a conditioned reflex basis, an association 
between discomfort due to stomach con- 
tractions, feeding, and subsequent relief. 
In the adult rat, the preliminary restlessness 
which occurs during the time of small 
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Rabbit -1 day old 





Kitten -1 day old 





Fic. 18. Activiry Recorps or Ngew-sorN ANIMALS 


A, rabbit and kitten. 


fills the stomach, the contractions cease, 
and the animal grows quiet. Then as the 
stomach becomes empty again, the process 
will be repeated. The animal may happen 
upon the teats at the very beginning, or it 
may reach them after a prolonged active 
interval. In either event, the excursion 
always ends with the feeding process. 
The young doubtless frequently find the 


B, chicken. 


Time in hours below the record 


contractions is diverted at once into 
specific food seeking activities as soon as 
the main contractions begin. 

It is interesting in this connection that 
the new-born guinea pig, rabbit, kitten, 
and chick, unlike the rat, show periodic 
activity at birth (See fig. 18 A and B). 
But how may this fact be brought into 
relation with the view developed above? 
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It is important to note that while the rat 
is still in a comparatively embryonic con- 
dition at birth, these other animals are all 
fairly well developed and coédrdinated. 
The rat, for several days after birth, 
progresses much as a worm does, crawling 
and wriggling its way about; the new-born 
guinea pig, on the other hand, actually 
walks almost at once. In keeping with 


THE QUARTERLY REVIEW OF BIOLOGY 


FURTHER OBSERVATIONS ON THE PERIODIC 
NATURE OF SPONTANEOUS’ ACTIVITY. 
FOUR-DAY ACTIVITY RHYTHM IN THE 
FEMALE 


So much for the three to four-hour 
activity rhythm apparent in records taken 
during twelve to twenty-four hour 
periods. Our observations must now be 





Fic. 19. Apparatus Usgp ror Mrasurinc SpontaNrous RunNiNnG AcTIVvITY 


The living compartment with the food cup and water bottle, and the cyclometer and lever, can be seen on one 
side of the partition, and the revolving drum on the other side. (Richter and Wang, 1926.) 


their periodic bodily activity, the more 
highly developed individuals probably 
show periodic stomach contractions at 
birth. We have as yet done no experi- 
ments to test this theory, but we hope 
soon to obsetve in detail the feeding habits 
of these animals to determine how the 
habits differ from those of the rat with 
regard to their genesis and development. 


extended over days and weeks instead of 
hours. The small triangular cages are 
impractical for this purpose because of 
the length of time required to count the 
individual marks on the smoked drum 
record. Activity for long periods can be 
measured more simply and much more 
accurately in the type of cage shown in 
figure 19, which consists of a small living 
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compartment just large enough to accom- 
modate a food-cup and an adult animal, 
and a revolving drum to which the animal 
has free access at all times. By means of 
a cyclometer connected with the axle of 
the drum by an excentric lever, all revolu- 
tions, clockwise and counter clockwise, 
are recorded. A detailed description of 
the complete apparatus and method em- 
ployed is given elsewhere (Richter and 
Wang, 1926; Richter, 1926; Wang, 1927). 
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rhythm described above. In the female 
rat the activity falls into a regular four- 
day cycle, most females running eight to 
ten miles every fourth day and but a 
fraction of a mile on the three days 
intervening. In the record in figure 20, 
in which activity measured in the number 
of revolutions is indicated on the ordi- 
nates, and the days of the experiment on 
the abscissae, the regular four-day peak is 
very evident. Since this rhythm, which 





Ilo 


126 136 


146 


Fic. 20. Runninc Recorp or A Normat Femate SHOWING THE Four-pay CycLE 


The rat, like many other small rodents, 
seems to enjoy running and spends much 
of its time in the drum. Although the 
daily activity averages between five and 
ten miles for most of the animals, as many 
as twenty-seven miles have been recorded 
for one individual in twenty-four hours. 

Here again, casual observation of the 
running activity discloses nothing of its 
origin. Continuous records over long 
periods of time, however, reveal a fact 
far more striking than the tri-hourly 


was described independently by Wang 
(2923,) and Slonaker (1924), occurs in an 
environment free from any cyclic dis- 
turbance, it, too, must have its origin 
within the organism. But what organ 
functions in the rat at a four-day rhythm? 


FOUR-DAY ACTIVITY RHYTHM AND THE 
OVULATION CYCLE 


Observations of the ovulation cycle of 
the rat made by Long and Evans (1922) 
answer this question at once. These 
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workers have shown, by the methods of 
Stockard and Papanicolaou (1917), that 
the length of the oestrous cycle in the rat 
is four days, with individual variations 
above and below this average. As is well- 
known, this was determined by histo- 
logical studies of cast-off cells scraped 
with a small spatula from the vaginal 
mucosa. During the dioestrum nucleated 
epithelial cells and leucocytes are present, 
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THE QUARTERLY REVIEW OF BIOLOGY 


the sex ‘‘drive’’ of the animal. Wang has 
found that females will mate for a short 
time just before and just after the peak of 
running activity is reached, while at all 
other times they are completely indifferent 
of even averse to the male. The exact 
relationship between running activity, 
vaginal smears, and sex activity, as 
worked out by Wang, is shown in figure 
21. Records taken every six hours on all 
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Fic. 2. Exacr Temporan RELATIONSHIP BETWEEN RUNNING ACTIVITY AND THE Ovuzation Cyciz, EsTaBLIsHED 
sy Mzans or Six Hour Recorps 


(After Wang, 1923) 


whereas during the periods of oestrus and 
ovulation only cornified cells appear. 

Wang and Slonaker have been able to 
show by means of simultaneous smear and 
activity records, that the peak of running 
activity every fourth day just precedes 
ovulation. This is undoubtedly one of 
the most interesting correlations that 
have been made in animal behavior. 

The question arises then, as to the 
relation between the running activity and 


three phenomena showed that the great 
burst in running activity recorded on the 
day of oestrus is confined almost entirely 
to the six-hour interval which imme- 
diately precedes the appearance of corni- 
fied cells in the vaginal smear. 

Obviously, therefore, the spontaneous 
activity is dependent on ovarian function. 
The degree of dependence can be demon- 
strated directly by numerous experiments 
performed on animals in which the ovaries 
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were not functioning. Pre-pubescence, 
senility, pregnancy, pseudo-pregnancy, 
lactation, and castration all show a clear- 
cut effect in the activity readings. In 
figure 22, a typical normal record is pre- 
sented to show the low running level 
before puberty and the sudden pubescent 
burst. 

Pregnancy causes a 60 to 95 per cent 
decrease in activity which lasts through 
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of experiments in which a normal female 
had constant access to a cage containing a 
vasectomized male. In these experiments 
a sex-box attached to the usual living- 
cage connected with the revolving drum, 
was so atranged that the female could pass 
freely back and forth to visit the male, 
but the male could not get into the living 
cage and revolving drum. This separa- 
tion was achieved quite simply by means 


g 


él t 8 a 


Fic. 22. Recorp SHow1nc tHE Bursr or Activity AND APPEARANCE OF THE Four-pay CYCLE AT THE 
Time oF Puberty 


(After Wang) 


the entire gestation and lactation period 
(Slonaker, 1925; Wang, 1923. See fig. 
23). Pseudo-pregnancy, produced when 
the tip of the uterus is stimulated with a 
glass rod introduced through the vagina, 
results in an immediate decrease which 
persists for fifteen days CWang, 1923. 
See fig. 24), and sterile copulation per- 
formed by a vasectomized male has the 
same effect (Slonaker, 1925). 

Similar results were obtained in a series 


QUAR. REV. BIOL., VOL. 11, NO. 3 


of a board partition with a hole just 
large enough to admit the female, but too 
small for the male. A typical record 
obtained in this way is shown in figure 25. 
In order that we might differentiate run- 
ning activity changes caused by the extra 
compartment from those caused by the 
presence of the male, we attached the 
sex-box a week before the male was intro- 
duced. The record shows that the mere 
addition of the sex cage produced no 
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effect. When the male was placed in it, 
however, there was an immediate and 
prolonged decrease in activity which per- 
sisted for eight to ten days after he was 


removed again. 
Figure 26 shows the effect of complete 
removal of the ovaries: the activity drops 
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strated most strikingly by the effects of 
ovarian implantation in spayed animals. 
Whenever the grafts “‘take,’’ the activity 
begins to increase almost immediately, 
and it grows gradually higher until the 
normal running level of the female is 
reached. Then, if the grafted ovary is 


<— litter weaned 
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Fic. 23. Recorp Spowine tae Erect or PreGNaNcy AND LacraTIoN on SponTaNzous ACTIVITY 
The four-day cycle is absent during pregnancy and lactation, appearing again a short time after the litter 


is weaned. (After Wang.) 


(60 to 95 per cent) to a flat, low level and 
the four-day cycle disappears completely. 
When an animal is spayed before puberty 
its activity always remains low and non- 
rhythmical (Wang, 1923; Slonaker, 1924). 

Finally the dependence of the running 
activity on the ovaries may be demon- 


removed, the activity drops about 60 to 
95 per cent, just as it does in the normal 
female after spaying. 

These experiments show definitely that 
the high running level is dependent upon 
some substance secreted by the ovaries 
into the blood stream. The question now 
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arises as to what part of the ovaries pro- 
duces this substance. Bugbee and 
Simond (1926) have thrown some light on 
this problem by experiments in which the 
extract from pigs’ follicles was injected 
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level of normal animals and the genital 
tract resumes its normal condition. 
Wang also has obtained these results 
by the injection of follicular extracts 
(Unpublished results. See fig. 27). He 


€— Cervical Stimulation 
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Fic. 24. Errecr or Pszupo-preGnaNncy on Acrivity 
(After Wang) 


into spayed rats. Such a procedure pro- 
duces the same effect that successful im- 
plantation of an ovary would have pro- 
duced,—the activity shows a marked 
increase from the low spayed level to the 


found that the smear changes are usually 
detected several days before the activity 
changes become well defined, and in many 
instances the activity and smear changes 
occur independently of each other. Ac- 
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cordingly he has concluded that there may 
be in the ovarian secretion one specific 
substance for furthering the growth and 
development of the genital tract and 
another for the production of activity. 
And on the basis of experiments in which 
he traumatized the ovaries (Wang and 
Guttmacher, 1927), this suggestion be- 
comes even more plausible. It was found 
quite by chance that a small remnant of 
ovary left in the body produces very strik- 
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appear and disappear with very little 
relation to the changes in activity. 

The question as to how and where the 
secretion acts to produce the activity has 
not yet been answered. We thought at 
first that, just as the three to four-hour 
rhythm was set up by stomach contrac- 
tions, so the four-day cycle might have its 
origin in the contraction of some similar 
hollow viscus in the sex-apparatus, prob- 
ably the uterus. Contrary to our expecta- 
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SpaveED FeMaLe 


The shaded area indicates the period over which the extract was administered 


ing changes in both smear and activity 
findings. The activity, except for a drop 
of short duration immediately following 
the operation, usually regains its original 
level, but the four-day cycle is entirely 
absent. Coincident with the high irrhyth- 
mic activity level, the vaginal smears 
usually show cornified cells, the indication 
of oestrum in the normal animal. In 
some individuals, however, the other 
types of cells, as well as cornified cells, 


tions, however, Wang found that removal 
of the uterus affects neither the level of 
activity nor the four-day cycle (fig. 28), 
and Hoskins (1925, ID has recently con- 
firmed these observations. The secretion, 
then, must take effect in some part of the 
central nervous system, either by simply 
increasing the irritability of the centers in 
the brain and spinal cord, or by actually 
stimulating those centers. Although defi- 
nite evidence is lacking at present, we 
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are inclined to hold to the latter possi- 
bility. 


SPONTANEOUS RUNNING ACTIVITY OF THE 
MALE 


In the male the spontaneous running 
activity does not show the four-day cycle 
of the female, and the general average is 


somewhat lower. However, it is de- 
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pendent on the sex glands, for when the 
animal is castrated the activity drops 
about 60 per cent to the low level of the 
spayed female (fig. 29). Hoskins (2925, 
IV) was able to demonstrate no change in 
activity when testes were transplanted to 
the castrate, but we have found that the 
activity immediately increases to the nor- 


THE QUARTERLY REVIEW OF BIOLOGY 


mal running level (Richter and Wislocki, 
1927). And transplantation of ovaries 
brings about an even greater increase 
(Wang, Richter, and Guttmacher, 1925). 
The activity then reaches the high level 
of the female, and, what is more interest- 
ing, it also shows the four-day rhythm 
(See fig. 30). When the grafts are re- 
moved the castrate effects appear again. 

That the relation of running activity to 
the sex ‘‘drive’’ is not so clear-cut in the 
male as it is in the female, is demon- 
strated in a series of experiments in which 
each male was removed from the running 
cage for a half hour each day and placed 
with a female in ‘‘heat’’ in a large stock 
cage. We found in this way that males 
showing a low running activity took no 
interest in the females and made no effort 
to copulate, whereas males with a high 
running activity copulated frequently. 
Contrary to the effect on the females, 
however, copulation, even when repeated 
as many as thirty times, produced no 
noticeable change in the running level 
of the male on the following day. An 
activity curve of one of these animals, 
typical of the entire group, is presented in 
figure 31. 

Nothing is known regarding the mech- 
anism involved in the production of 
the activity of the male. That the re- 
moval of the seminal vesicles produced 
a no more noticeable effect than did the 
removal of the uterus in the female is 
shown in figure 32. We are trying to dis- 
cover on what part of the testes the 
activity is dependent by a method similar 
to that used by Stockard and Papanicolaou 
in the female. We have been extirpating 
the testes in some animals at a peak of 
activity and in others at a depression 
with the expectation that detailed histo- 
logical studies of these organs may disclose 
what parts are responsible for the fluctua- 
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tions in activity. Although we have It must be borne in mind before we 
obtained no conclusive data the approach pass on to a discussion of other rhythms 
is promising. that the work reported above has simply 


This content downloaded from 62.122.79.81 on Wed, 18 Jun 2014 11:20:45 AM 
All use subject to JSTOR Terms and Conditions 





330 


demonstrated to what extent the overt 
bodily activity is dependent on the sex 
hormone. None of our experiments has 
shown that the hormone actually produces 
the activity. Very probably a number of 
other organs are equally important, so 
that the elimination of any one of them 
would be sufficient to bring about the large 
decrease in activity which follows spaying 
or castration. We have tried removing 
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OTHER ACTIVITY RHYTHMS 


With a knowledge of the cyclic fluctua- 
tions in activity we may learn a great 
deal about changes which occur in the 
different organs within the body, when 
outwardly or without sacrifice of many 
animals nothing could be learned. The 
discovery of the four-day activity rhythm 
in the female rat, for instance, would 
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the thyroid, hyperthyroid, and the pitui- 
tary, but in so far as our operations were 
successful, they produced no change in 
activity. Removal of the adrenals, on 
the other hand, causes a decrease in the 
running average, although the sex cycle 
still remains (See fig. 33). It can be seen, 
then, that we still do not have complete 
knowledge of the mechanism which de- 
termines the composite picture of the 
spontaneous activity. 


have led very quickly to the discovery of 
the oestrous rhythm had it not been 
already detected by other means. This 
same principle may be applied in a search 
for cyclic changes in other internal organs, 
since we have found periods of activity 
longer than four days in both males and 
females after the sex organs have been 
removed. There are at least two other 
fairly well-defined rhythms, one of from 
seven to ten days (fig. 34), and one of 
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from sixteen to thirty days (figs. 35 and 
36). Besides these two rhythms a num- 
ber of others varying between forty and 
one hundred and twenty days have occa- 
sionally been observed by Slonaker (1926) 
and by us. Figure 37 shows the activity 
record of one animal in which a small 
remnant of one ovary remained. 
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associated with some specific performance 
just as the three to four-hour and the 
four-day cycles are? It may be that, 
coinciding with these slower fluctuations 
of running activity, changes in such pur- 
suits as burrowing, climbing, gnawing, 
fighting, nest-building, and other specific 
activities can be demonstrated. How- 
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The record differs in no way, so far as we have been able to determine, from that of a normal animal 


The question arises now as to the origin 
and significance of these rhythms. The 
other internal glands, the thyroid, the 
parathyroid, the pituitary and the ad- 
renals, suggest a possible source. We 
have been removing each of these organs 
at various phases of activity but we have 
been unable as yet to make a study of the 
histological sections. 

So much for the origin of these rhythms. 
What is their significance? Are they 


ever, before we take up the question of 
these more complicated behavior patterns, 
we must consider briefly some of the purely 
physiological mechanisms in order that 
we may comprehend the complete activity 
picture presented by the organism. 


OVERT RESPONSES OF A PURELY PHYSIO- 
LOGICAL NATURE 


For this reason we have studied drink- 
ing, urination, and defecation, to deter- 
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mine whether these functions, too, are and an inverted watering tube was placed 
periodic. Records of the time interval at at the end away from the cage. The 
which these three responses occur show bottom of this recess was made of a piece 
that they are all rhythmical. of aluminum pivoted at one end and sup- 
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These rhythms have been observed in normals, but they are found most often in castrated or spayed animals 
probably because of the much lower running activity level. 
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The cycles are much more irregular than the four-day cycle, but they are clearly present nevertheless. 


Thirst was studied by means of the ported on a tambour at the other, so that 
cages shown in figure 38. A recess large whenever the animal entered to drink a 
enough for the animal to enter and drink, mark was recorded on a smoked drum. 
but too small for it to lie down or turn The records, as may be seen in figure 39, 
around, was built on one side of the cage show that the rat drinks about ten times 
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The activity mounts steadily for twelve days, then decreases again equally steadily for the next seventeen 
days. Such regular cycles often appear in the midst of an otherwise very irregular record. 





76 96 Ne 136 I5e \76 196 ale 236 256 27 296 316 


Fic. 37. Grarpa SHow1ne Cyctes or Mucn Larczr Duration,—go To 120 Days 


This record was obtained from a female with one ovary completely removed and the other partially cut 
away. The animal did not show the low activity of the spayed animal. On the contrary it showed cyclic 
fluctuations, during which it reached a level nearly as high as that present before the ovary was traumatized. 
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a day at intervals of two and a quarter 
hours. The periodicity of the thirst re- 
sponse is quite as remarkable as that of 
the hunger response, in view of the current 
conception that the rats eat and drink at 
very frequent and irregular intervals. 
Urination and defecation were recorded 
in the apparatus illustrated in figure 4o. 
The small cage with a $-inch mesh wire- 
cloth bottom, rested over an 8-inch par- 
affned tin funnel. When the rat def- 
ecated, the feces slipped through the wire 
floor into the funnel and on to an inclined 
trough of fine-meshed wire below. As 
they dropped from the end of this trough 
they struck a small paper disc fastened to 


Watering 
Tube 


C age 


Tambour 


Fic. 38. Dracram or THE Cace Usep in RecorDING 
THE Tuirst RuyTHM 


the end of a tambour, and the process was 
recorded as in figure 41. Urine was also 
collected in the funnel but it passed 
directly through the wire trough to 
another paper disc attached to another 
tambour. <A record of urination is shown 
in figure 42. 

From simultaneous records of urination 
and defecation obtained by this method, 
it was found that although these two 
functions are very regular, they are quite 
independent. Urination occurs approxi- 
mately every two hours; defecation, every 
five hours, but the group of animals 
studied up to the present time is not 
sufficiently large to permit accurate state- 
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ments of the time interval, nor can we 
show how these rhythms vary with age 
and sex. 

These phenomena must reveal the perio- 
dicity of the bladder and rectum, but so 
far we do not know in what organ thirst 
islocalized. Possibly through our knowl- 
edge of its periodicity we may obtain 
some clue as to its origin. 

The results of all of the experiments 
discussed above have shown how largely 
the spontaneous activities of the rat are 
periodic in nature, and are associated 








TABLE I 
ACTIVITY PERIODICITY ASSOCIATED ORGAN 

Urination 2-3 hour Bladder 
Drinking 2-3 hour 2 
Defecation 3-5 hour Rectum 
Eating 3-4 hour Stomach 
Mating 9 4 day Ovaries 
Nest-building ? ? 
Gnawing ? ? 
Burrowing 2 ? 
Fighting 2 2 
Migrating 2 ? 

? 7 days ? 

2 18-22 days 2 

2 40-120 days ? 

2 2 Adrenal 

2 ? Pituitary 

? 2 Thyroid 

2 ? Parathyroid 











with periodically functioning organs. 
From these results, we see the animal as 
an organism carrying within itself various 
mechanisms discharging at different rates, 
to a gteat extent independently of one 
another. By way of summary we have 
listed in Table I the different activities 
according to their periodicity and the 
organ with which they are assoc:ated. 


CONSTRUCTIVE ACTIVITIES 


With this work on the simpler forms 
of spontaneous behavior as a basis, we 
may now single out for study the more 


This content downloaded from 62.122.79.81 on Wed, 18 Jun 2014 11:20:45 AM 
All use subject to JSTOR Terms and Conditions 





336 THE QUARTERLY REVIEW OF BIOLOGY 


complicated and specific performances of quantitatively studied. We may ask, 
the rat, such as burrowing, gnawing, nest- then, what it is that makes the rat build 
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Time in hours below 


building, and social activities. At the ests. In order to answer this questioa 
present time nest-building is the only we must arrange our experiment so that 
constructive activity which has been  nest-building is practically the only outlet 
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for the animal, and all other activities 
are either kept constant or eliminated. 
Such a situation in which spontaneous 
nest-building can be measured has been 
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vals tell us nothing about the mechanism 
involved. Observed over long periods 
of time under controlled conditions, will 
it also be periodic like the running ac- 





Fic. 42. Recorp SHowine tHe Urination Ruytam or an Aputt Rat 


Time in half-hour intervals 


worked out very satisfactorily by Kinder 
(1927), in two different types of cages. 
In these cages the activity is measured 
in terms of the number of strips of crépe 
paper used each day by the rat in building 
its nest. The method of presenting the 
paper differed in the two types of cages. 
In the first type 600 strips, 4 inch wide 
and 6 inches long, were scattered each 
day evenly over the floor, and the animals 
built their nests by pushing the strips into 
heaps. In cages of the second type, (fig. 43 
A and B) 250 strips, 12 inches long, were 
hung over the sides so that the animal had 
to pull down one strip at a time and take 
it to the nest. With these cages Kinder 
found that if the nests are removed each 
day rats of all ages will build a fresh nest 
within the following twenty-four hours. 
That the activity is present and equally 
strong in both sexes is shown by the 
records of the daily nest-building activity 
of a male and female given in figure 44 A 
and B. Moreover, nest-building is prac- 
tically independent of experience, since 
young tats thirty days old raised in saw- 
dust build perfect nests out of the crépe 
paper the first time it is presented to them. 
But what is it that drives the rat to build 
nests? Again observations for short inter- 


A. 





Fic. 43. PaoroGraPH or Ong Type or Cace Usep 
in Measurinc Nest-suinpinec AcrTIvITY 


A shows the cage assembled without nest-building 
material. The walls are of galvanized iron and the 
top of wire cloth. The diameter of the cage is 36 
inches and the height 18 inches. 

B shows the arrangement of the strips of crépe pa- 
per over the sides of the cage. The strips were hung 
so that the rats could reach them comfortably only by 
standing on their hind feet. (After Kinder, 1927.) 
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tivity? Here Kinder found that the four- 
day rhythm of the female is present just 
as it was in the running activity Cfig. 45), 
but it has a very different relation to the 
cycle. Nest-building is greatest in the 
dioestrous interval of low running ac- 
tivity and lowest during oestrus when 
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in common that indicates the origin of the 
activity: every phase can be understood 
as a part of the heat-regulating mechanism 
by means of which the body-temperature 
is maintained at a constant level. The 
activity increases in low temperatures and 
decreases in high temperatures. It is high 
when there is a tendency for the body 
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turition and during lactation the nests are 
very large, but the controlling mecha- 
nism is obviously not an essential part of 
the reproductive activity since the males 
often built nests as large as those of the 
mother rats. 

Kinder found that all phases of the 
nest-building phenomenon have one feature 


temperature to decrease, before puberty, 
during the inactive dioestrous interval, 
during pregnancy and lactation, and 
during starvation; it is low at oestrus, 
when the animal is very active and the 
body temperature tends to increase. 

We may regard nest-building as a part 
of the heat-regulating mechanism, just as 
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we consider the growth of fat and hair 
during cold weather a part of the more 
primitive physiological manifestations of 
heat conservation. Nest-building, like 
the building of shelters and the wearing 
of clothing, is a much more highly de- 
veloped method of maintaining a normal 
body temperature, but it is nevertheless an 
expression of the same impetus that pro- 


Fic. 46. Muttipre Activity Cace 


duces the increase in fat and hair in more 
primitive animals (Martin, C. J., rgor). 
The mechanism of the drive involved here, 
therefore, is very different from that pres- 
ent in either the hunger or the sex ac- 
tivities. 

Allied to nest-building in the rat are 
probably burrowing, the tendency of the 
animal to wedge itself into small spaces 
with contact on all sides, and its desire to 
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huddle together with several of its mates. 
These activities also tend to conserve heat, 
in contrast to running, climbing, and 
jumping, which contribute to the main- 
tenance of a constant body-temperature 
through heat production. 

The various performances which, al- 
though associated with other drives, may 
be considered as contributing to the heat- 
regulating process, can be grouped as 
follows: 


Nest-building 

Burrowing 

Huddling into small 
spaces 

Huddling together— 
social contact 


conserve body heat 


Running 
Climbing 
Jumping 


increase heat production 


Thus far we have investigated the 
different activities of the rat separately 
under more or less isolated and controlled 
conditions. We believe that it is possi- 
ble, however, to study the animal under 
normal conditions, when it can indulge 
in any of the activities present in its usual 
outdoor environment. For this purpose 
we have constructed the set of cages shown 
in figure 46, in which a record can be 
obtained of the time spent each day by the 
rat in climbing, running, burrowing, gnaw- 
ing eating, drinking, and mating. This 
cage makes it possible to account for the 
activity of the animal each day during 
every minute of the twenty-four hours. 
The large triangular central cage and 
all of the smaller cages at the side, 
except the revolving drum and the 
climbing tower, are supported on tam- 
bours. Running activity is recorded both 
graphically and with a cyclometer; climb- 
ing activity, by counting the number of 
times the animal goes up and down the 
tower each day. Both the entrance to the 
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tower and the top part are supported 
on tambours, so that a record is made 
on smoked paper each time the animal 
starts up the tower and when it reaches 
the top. 

Because of the fact that we had only 
one cage we wete not able to gather 
enough data to be of statistical value, but 
we have made sufficient observations to 
know that with some refinement of this 
method the behavior of the rat can be 
thoroughly studied in the laboratory. 
Certainly with this type of cage we can 
obtain a normal environment for the 
animal, in so far as it has an outlet for 
most of its different drives, and if we can 
judge how normal the environment is by 
the type of rat that it produces, the suc- 
cess of the method is unquestionable. 
An individual brought up in the multiple 
cage is far more intelligent than one raised 
in the ordinary running cage. Within the 
multiple cage the animal shows all kinds 
of constructive and imaginative activities, 
rarely, if ever, seen in an ordinary labora- 
tory rat, and on occasions when it escapes 
it avoids recapture with extraordinary 
success. We may note in passing that 
were rats of this environment used for 
experiments on extirpation of the different 
areas in the cortex of the brain, much more 
noticeable defects in behavior might possi- 
bly be demonstrated as a result of the 
injuries than have appeared thus far in 
the rat kept under the usual laboratory 
conditions. 

Individual differences are quite striking 
in the multiple cage if we may judge from 
our small number of animals. One rat 
will spend most of its time in the climbing 
tower, passing up and down as many as 
thirty or forty times a day; another will 
spend all of its time in the sex box; and 
another will gnaw all day long. None of 
our records have been taken over suffi- 
ciently long periods to permit us to give 
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any perspective on either the constancy 
and fluctuations or the importance of the 
different activities in the life of the rat, 
but we do know that in this cage the 
running activity in the drum is reduced in 
every case to a few hundred revolutions 
per day. It is very interesting also, that 
in these cages where the animal has many 
different diversions the frequency of its 
eating period is greatly reduced. It enters 
the food-box once every five or six hours, 
and sometimes even less frequently, but 
whether it actually eats less food we have 
not yet determined. 

That even the most complicated form 
of the rat’s behavior may be studied in this 
cage is brought out by the following ob- 
servations. In experiments on one animal 
a liberal supply of building material,— 
sticks, rope, stones, and cloth,—was 
placed in the large central cage. This 
animal had habitually deposited its feces 
in the water-cup. Usually the water was 
changed every day, but on one occasion, 
by some neglect, it was not changed for 
several days, so that the resulting odor 
became very unpleasant. At this point 
the animal started to cover the hole over 
the water-cup. It first removed part of 
the upper layer of the cardboard bottom 
of the large central cage, and dragged it 
into the water-box. It placed the card- 
board over the cup and smoothed it down 
on all sides until the hole was perfectly 
covered. Then from the bottom of the 
central cage it lifted stones larger than its 
head three inches into the drinking cage 
and placed them overt the cardboard cover. 
Besides the large stones numerous pebbles 
and sticks were used until the water-box 
was completely blocked. The animal had 
cut off its only water supply by this per- 
formance. Since we wished to see what it 
would do when it became very thirsty, 
the material was left undisturbed and no 
other water was given, After three days, 
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the animal pushed all of the sticks and 
stones from the drinking cage into the 
large central cage, tore up the cardboard 
seal, and drank its fill of the polluted 
water. This observation is certainly com- 
parable to those made in the field. Had 
our apparatus been working better just 
at this time we should have obtained 
a complete biological record of this very 
interesting incident. 

Another performance likewise construc- 
tive but less complicated was frequently 
observed. The rats plug up the entrance 
to any of the smaller cages whenever they 
have been frightened on entering them. 
This is the only explanation that can be 
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offered for the frequency with which 
adult rats closed the entrance to the 
running drum shortly after they were 
placed in the cage. In one instance the 
opening was plugged up so tightly with 
nest-building material that a knife had 
to be used to open it up again. 

Many similar examples could be given 
to demonstrate that in our artificially con- 
structed environment practically every 
variety of behavior observable in a 
natural environment is obtained. And 
with a record of the way in which 
the animal spends its time before and 
after such episodes much more light will 
be thrown on their origin. 
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